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1.0 INTRODUCTION
Efficient plant regeneration has have been widely reported in japonica and indica rice by optimizing several factors influenced such as sugars (Feng et al., 2011; Geng et al., 2008) , amino acids (Chowrdy et al., 2000; Pons et al., 2000) , micronutrients (Rueb et al., 1994) , hormones (Zuraida et al., 2011) and partial desiccation ). However, reports show that among the rice subspecies, indica and javanica were recalcitrant to tissue culture manipulation (Ge et al., 2005) . Although it has been possible to obtain high plant regeneration frequencies in japonica rice varieties, the success for reproducible fertile plant regeneration has been limited in indica rice varieties, especially those belonging to group 1 (Kyozuka et al., 1988; Raman et al., 1994) . As a result, manipulation of genetic engineering has been hampered due to limitation in indica rice regeneration. Many reports show that callus formation frequency depends on genotype, sources and culture condition (Hoque & Mansfield, 2004) , hormones (Katiyar et al., 1999) and developmental stages of rice. Many indica rice genotypes are recalcitrant to tissue culture manipulation due to poor callus induction, proliferation and regeneration (Zuraida et al., 2010) including Malaysian rice. Thus, this rate could be improved if appropriate improvement were made to tissue culture medium and others factors influenced in rice regeneration system. Among factor that might be benefit to rice regeneration is partial desiccation treatment. Partial desiccation has also been reported to be beneficial in indica rice regeneration (Saharan et al., 2004; Chand & Sahrawat, 2001; Diah & Bhalla, 2000; Haq et al., 2009; Jain et al., 1996; Tsukuhara & Hirosawa, 1992) . The manipulation of media composition and desiccation treatments did improve Malaysia rice regeneration frequency as reported by Zuraida et. al, (2011; 2010) . Therefore, since there are only a few reports on Malaysia rice regeneration system; this study presented here shows simple and practical techniques to improve regeneration. Thus, the objectives of this study was to investigate the role of 2,4-dichlorophenoxyacetic acid (2,4-D) to induce callus and different desiccation period on shoot formation.
2.0 MATERIALS AND METHODS

Plant Materials and Media
The explants used in the present study were mature seed of Malaysia rice; MR220 and MR232 cultivars obtained from Malaysian Agricultural Research and Development Institute (MARDI), Seberang Prai, Penang, Malaysia. Mature rice seeds were de-husked and immersed in 100% (v/v) ethanol for 1 min. After that, the solution was discarded and replaced with 100% (v/v) Clorox supplemented with 2-3 drops of Tween-20 and incubated for 30 minutes. The seeds were rinsed three times by using sterile distilled water in order to remove all traces of disinfectant. The sterilized seed was then blot dried and used for callus induction experiments. For callus induction, the sterilized seeds were cultured on solidified MS basal medium (Murashige and Skoog, 1962) supplemented with 2.5 mg/L of 2,4dicholorophenoxyacetic acid (2,4-D) , 1.0 mg/L napthalene acetic acid (NAA), 15g/L sucrose, and 30 g/L phytagel as designated by MS2.4D. After 8 weeks, callus induction frequency and their morphology were recorded. The selected embryogenic callus was then used for regeneration study. For this purpose, embryogenic callus was subjected to different desiccation period and their performance will be evaluated in terms of regeneration percentage. Prior to plating the callus on sterile filter paper in empty petri dishes, calli were weighed before and after each treatment (24 hours, 48 hours and 72 hours) and then sealed with parafilm. The 0 hours treatment was used as control. The desiccation percentage was calculated by the following formula.
Fresh callus weight-desiccated callus weight Desiccation percentage:
Fresh callus weight All the culture was incubated and kept in the dark at 25-27°C and each treatment have two replicates. Then, the desiccated calli were transferred on solidified MS basal media containing 1.0 mg/L NAA and 1.0 mg/L BAP for shoot regeneration. The cultures were incubated at 25-27°C under cool white fluorescent lamp at 31.2 μmol m -2 s 1 . Observation based on the percentage of shoot regeneration was determined at the end of study. Each treatment contained 2 replicates with 10 seeds per plate and each experiment was repeated two times.
Statistical Analysis
The results were further analyzed using statistical software (SPSS 15.0 for Windows). Two tests, One-way Analyses of Variance (ANOVA) and Tukey post hoc test were used to determine the significant difference between the treatment and also between the rice cultivars, MR220 and MR232.
3.0 RESULTS AND DISCUSSIONS
Callus Induction
Surface sterilized seeds was cultured on solidified MS medium supplemented with 2.5 mg/L 2,4-D and 1 mg/L NAA and the callus formation were observed after two weeks. The callus was developed from the scutellum part of the rice seeds and can be observed at day ten for both cultivars. Then the cell proliferates to produce callus at day 21 ( Figure 1A and B ). Both cultivars show similar characteristics which are dry, compact, and light yellowish in color. Callus induction from both cultivars shows different percentage of callus formation. Rice cultivar of MR 220 has higher mean frequency of callus formation (41.67%) compared to MR232 at 37.67%. According to Zuraida et. al. (2010) , the frequency of callus formation depends on the genotype and most indica rice cultivars have poor callus induction. The present study shows that the use of 2,4-D alone at lower concentration unfavorable as shown by callus percentage compare to combination with NAA (5-10mg/L) for MR232 cultivar (Zuraida et al., 2011) . Previous study also stated that the success of reproducing fertile plant regeneration has been limited in indica rice variety, especially those belonging to group 1 (Kyozuka et al., 1994) . Based on the morphology of indica rice, callus can be classified into four types which are I, II, III, and IV. For type I, the calli were compact and white or cream color. Usually callus type I have outstanding regeneration. Type II consists of yellow color of organized calli which have fine regeneration. Callus type III were yellow or brown unorganized calli which turn brown/dark and necrotic/dead. For type IV, callus was highly unorganized and white, cream or brown in color. This callus gave rise only to the roots (Visarada et al., 2002) . The morphology of embryogenic callus in the present study was dry, compact, and light yellowish in color in accordance to above statement for Type I.
Desiccation and Shoot Regeneration
The present study shows that callus derived from mature seed of 2 cultivars was subjected to 24 hours, 48 hours and 72 hours desiccation periods. The term desiccation percentages indicate the percentage loss in callus fresh weight before and after desiccation. The percentage of desiccation treatment was different among the 2 cultivars tested. There were differences in the desiccation percentages of calluses with the partial desiccation treatment among the cultivars tested. MR220 dehydrated callus exhibit lower percentage of desiccation
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compare to MR232 cultivars with similar desiccation duration (Table 1) . The effect of desiccation treatment on callus morphology was detrimental and probably led to callus damage as shown in Figure 2 . The callus became smaller and dry as water was drawn out from the cell. The degrees of water loss for both cultivars tested as shown by desiccation percentage were different with same desiccation duration. Fourty eight desiccation treatments proved optimal as this treatment shows up to 58.34% regeneration response in MR220 cultivar and then decreased to 10% when exposed to 72 hour desiccation ( Table 2 ). There are no significant differences (P<0.05) between treatment of 24 hours and without treatment. The present study also shows that longer desiccation period decrease shoot regeneration. However, desiccation period of 72 hours shows higher shoot regeneration (55%) for MR232 cultivar, while no shoot formation was observed for treatment without desiccation (0 hour). After one month, the in vitro shoot regeneration and elongation was shown in Figure 3 . Many researchers have focused on modifying culture conditions in regeneration procedures to increase plantlet regeneration frequency of rice calli such as hormone, sugars, solidifying agents basal salt and vitamin, partial desiccation treatment and genotypes (Feng et al., 2011; Sahoo et al., 2011; Haq et al., 2009; Yan et al., 2009; Liu et al., 2004) . According to Ikram-ul , desiccation treatment before super basmati rice regeneration was observed to be more effective than callus culture without desiccation treatment. In agreement with this, the present study also employed the same procedure for MR232 rice cultivars where regeneration frequency was observed at 55% at optimal desiccation period. This may be caused by changes in translatable mRNAs and elicited modification in protein synthesis as reported by Rance et al., (1994) . Recent study indicates that desiccation can activate genes of late embryogenesis abundant (LEA) protein (Bartels, 2005) . Plant LEA proteins has protective role in embryo tissue during seed maturation in response to osmotic stress. In this study, the partial desiccation procedures might be expected to induce somatic embryo towards shoot development. Therefore, each cultivar of indica rice showed different response toward desiccation treatment because of the changes that occur at the molecular level. Additionally, Saharan et al., (2004) found that optimal desiccation period at 48 hours was benefit in improvement of shoot regeneration in indica rice variety HKR-46. Stimulation of regeneration response by partial desiccation has been reported in japonica suspension rice cell derived callus which resulted in enhanced plant regeneration (Wagiran et al., 2008) . This improvement in regeneration potential might be because of increase of absisic acid (ABA) in desiccated callus (Yang et al., 1999) and improvement of oxygen supply (Jain et al., 1996) . The present study shows that exposure of partial desiccation to Malaysian rice callus may play important role in promoting regeneration especially in rice with low callus induction.
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A B C D Significant difference at 0.05 level (ANOVA) 0.022 0.033 *the mean difference is significant at the p=0.05 level *a, ab and b represent different significant homogenous subsets in the increasing order of the mean value. Groups in the different homogenous subsets (alphabet: a, b, ab) differ significantly from each other while groups in the same homogenous subset do not differ significantly.
4.0 CONCLUSIONS
High percentage of callus induction is considered the most critical step to achieve efficient shoot regeneration. The present studies show that induction of callus and shoot regeneration varied depending on cultivars and duration of partial desiccation. The data presented here could serve as preliminary finding for achieving better shoot regeneration to other Malaysia rice system.
